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GAPS
Global

Architecture
of Planetary
Systems

Qitalian collaboration among ~80 scientists in
the exoplanets field

dLong-term multi-purpose observing program
started in 2012 with HARPS-N at TNG, now
GIARPS at TNG

dMain Obijectives:

* Characterization of the
architectural properties
of planetary systems

* Understanding the
origin of planetary
system diversity




Known Planets Metal Poor stars

* Frequency of Neptunes * Search for additional low e Frequency of planets in
and Super Earths in the mass bodies around stars low metallicity stars
Habitable Zone of M hosting known

lanets/planetary systems
dwarfs P / planetary sy
e Characterization of known

GAP S systems

. . Star-Planet Interaction/
Open Clusters stars Rossiter-McLaughlin Asteroseismology

Science
cases

e Frequency of close-in e Characterization of the * Tidalinteractionandits
planets in crowded orbital alignment for e Em e Sl e ety
environments known planetary * Refinement of Stellar

systems parameters

* About 350 targets, 36/40 nights/semester

- Need of dedicated management and data sharing in addition to
the TNG archive




Twiki: data sharing page

2014-05-12
+*l+_Time series tables are updated with data produced with the new version of HARPS-N pipeline. See Readmed4.txt to obtain information on the files,
+*.+_Please note that for the F-type stars you will find values obtained both with standard masks (G2, K5, M2) and tau Boo mask.
Lo Here you can find an IDL string (nothing but a simple command) that allows you to read the time_series.dat files, with short description of the header: read_dat.txt

2014-03-07
+*.+.QUICK LOOK OF DATA REDUCED WITH NEW DRS AVAILABLE HERE: 20140307 report_new_pipeline.txt
s Here you can find an IDL string that allow you to read the report, with short description of the header: read_report.txt

GAPS

CLICK ON THE LINKS BELOW TO SEE TIME SERIES TABLES AND FILES:
Database R
M Time Series

MP Time Series \

o Tme seres Main datum from
éo Time Serie; GAP S o

AST-IP-STD-GATO Time Series

GAPS Targets with Multiple Names TI M E S E R I E S

List of GAPS Discarded Data
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GAPS

Database

GAPS KP Targets

GAPS Name | a

KP1
KP2
KP3
KP4
KPS
KP6
KP7
KP8

KP9
KP10

KP11

KP12
KP13
KP14
KP15

03:48:00,370
05:23:21.570
08:53:50,810
10:18:21.200
12:16.06.570
02:34:11.046
12:30:26.900
00:15:50,850

00:18:24,700
00:20:40,080

00:38:17.560

02:12:31.494
02:49:44.488
02:54:45.140
03:09:28.550

5
+40:31:50.30
<02:16:30.40
+33:03:24.50
+12:37:16.00
07:15:26.40
~12:23:03.47
*22:6247.30
+01:12:00.76

+15:16:02.30
+31:59:23.79

+42:2T47.08

+51:46:43.57
+71:45:11.63
-10:53:53.00
+30:40:24.90

pa
0.054000
0.034400
+0.095400
0.272300
0.249700
0067300
0127100
0.002600

0.025500
-0.004800

<0.020300

-0.010700
0.091100
0.004100
-0.004000

s
0.021100

-0.096600
-0.028400
-0.030900
0062300
0187700
+0.089400
0.012500

-0.026500
-0.005600

-0.005600

0.004900
-0.033100
0.007500
-0.049100

My (B-V) | Spectral Type A Radial Velocity Number of Data Discarded Data | Time Series | Pdf Report | Status

724 0634
84 0761
803 0626
703 0594
796 0815
985 0000
876 0738
1.30 0476

11.30 0576
1.79 0538

1081 0542

11.83 0553
8.17 0.000
11.60 0742
11.89 0989
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32 318

3888

10,100
29.590
21.300
22,600
20,660
24.250
+29.600
18.280

8.460
~13.500

-16.830

-21.650
-3.300
25.400
4910

93
51
120
63
47
21
o7
12
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13
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KP1 dat
KP2. dat
KP3 dat
KP4 dat
KPS dat
KPS, dat
KP7.dat

KP8.dat
KP8_F.dat

KP9 dat

KP10.dat
KP10_F.dat

KP11.dat
KP11_F.dat

KP12 dat
KP13.dat
KP14.dat
KP15 dat

KP1,pdf
KP2.pdf
KP3,pdf
KP4, pdf
KPS, paf
KP6.pdf
KP7. pdf

KP8.pdf
KP8_Fpdf

KPO,pdf

KP10.pdf
KP10_F.pdf

KP11.pdf
KP11_F.pdf

KP12.paf
KP13.paf
KP14.pdf
KP15.paf

JHLBRIBHI L

Update On

2017-10-05 at 03:50
2017-10-05 at 04:50
2022-05-12 at 21:01
2017-05-21 at 21:18
2017-06-23 at 21:14
2013-01-30 at 20:38
2017-02-06 at 06:06
2016-10-07 at 02:53

2016-10-07 at 00:36
2016-07-25 at 03:03

2017-09-15 at 03:41

2021-08-07 at 04:55
2016-10-22 at 01:11
2016-01-03 at 20:13
2021-09-09 at 04:49



GAPS

Database

GAPS KP Targets

My (B-V) | Spectral Type A Radial Velocity Number of Data Discarded Data | Time Series | Pdf Report | Status

GAPS Name | a ] pa ps
KP1 03:48.00,370 +40:31:50.30 0054000 0021100 724 0634 G2 «10.100 93
KP2 05:23:21.570 -02:16:39.40 0034400 -0.096000 894 0761 G5 29.590 51
KP3 085350810 +33:03:24.50 -0.095400 -0.028400 803 0626 GO 21300 120
KP4 10:18:21.200 +12:37:16.00 -0.272300 -0.000900 7.03 0594 GO 22,600 6
KPS 121506570 O7:15:2640 0249700 -0082300 7.96 0815 GS 20,660 47
KP6 02:34:11.046 -1223.0347 0087300 -0.187700 985 0000 F2 24.250 2
KP7 12.30.26.900 +22.5247.30 0127100 -0.080400 8.76 0738 GO -29.600 o7
KP8 00:15:50850 +01:12:00.75 0002600 0012500 1130 0476 F8 18.280 12
KP9 00:18:24.700 -15:16:02.30 0025500 -0.026500 11.30 0576 GO 8460 12
KP10 00:20:40.080 +31:59:23.79 -0.004800 -0.005600 11.79 0538 F7 -13.500
KP11 00:38:17.560 +42:27:47.08 -0.020300 -0.005600 1081 0542 F8 -16.830
KP12 02:12:31.494 +51:46:43.57 -0.010700 0.004900 1183 0553 GO 35
KP13 02:49:44.488 +71:45:11.63 0091100 -0,033100 817 0000 GO -3.300 26
KP14 02:54:45.140 -10:53:53.00 0004100 0007500 11.60 0.742 25.400 12
KP1§ 03:09:28.550 +30:40:24,90 -0,004000 4910 24
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KP1 dat
KP2. dat
KP3 dat
KP4 dat
KPS dat

KP9 dat

KP10.dat
KP10_F.dat

KP11.dat
KP11_F.dat

KP12 dat
KP13.dat
KP14.dat
KP15 dat

KP1,pdf
KP2.pdf
KP3,pdf
KP4, pdf
KPS, paf
KP6.pdf
KP7. pdf

KP8.pdf
KP8_Fpdf

KPO,pdf

KP10.pdf
KP10_F.pdf

KP11.pdf
KP11_F.pdf

KP12.paf
KP13.paf
KP14.pdf
KP15.paf

JHLBRIBHI L

Update On

2017-10-05 at 03:50
2017-10-05 at 04:50
2022-05-12 at 21:01
2017-05-21 at 21:18
2017-06-23 at 21:14
2013-01-30 at 20:38
2017-02-06 at 06:06
2016-10-07 at 02:53

2016-10-07 at 00:36
2016-07-25 at 03:03

2017-09-15 at 03:41

2021-08-07 at 04:55
2016-10-22 at 01:11
2016-01-03 at 20:13
2021-09-09 at 04:49



GAPS

Database

GAPS KP Targets

GAPS Name | a ] pa ps My (B-V) | Spectral Type = Radial Velocity Number of Data ' Discarded Data | Time Series | Pdf Report | Status | Update On
KP1 03:48:00,370 +40:31:50,30 0054000 0021100 724 0634 G2 <10.100 93 KP1 dat KP1,pdf rejectod  2017-10-05 at 03:50
KP2 05:23:21.570 -02:16:39.40 0034400 -0.096000 894 0761 G5 29.590 51 0 KP2.dat KP2.pdf rejected 2017-10-05 at 04:50
KP3 08:53:50.810 +33.03:24.50 -0.095400 -0028400 803 0626 GO 21.300 120 0 KP3 dat KP3 pdf active  2022.05-12 at 21:.01
KP4 10:18:21.200 +12:37:16,00 -0.272300 -0.030000 703 0594 GO 22,600 63 0 KP4 dat KP4 pdf rojocted 2017-05-21 at 21:18
KPS 121606570 07:15:2640 -0.249700 0052300 796 0815 G5 20.660 47 0 KPS, dat KPS pdf rejocted  2017.06-23 at 21:14
KP8 02:34:11.046 -12:23.0347 0067300 -0.187700 985 0000 F2 24.250 21 0 KP8, dat KP6 pdf rejoctod  2013-01-30 at 20:38
KP7 12:30:26.900 +22:52.47.30 0127100 -0.080400 876 0738 GO +29.600 o7 0 P7.dat KPZ pdf rejocted 2017-02-06 at 06.06
KP8 00:15:50,850 +01:12:00.76 0002600 0012500 11.30 0476 F8 18.280 12 0 KP8.dat rejocted 2016-10-07 at 02:53
KP8_F.dat
KP9 00:18:24,700 -15:16:02.30 0.025500 -0.026500 11.30 0576 GO 8.460 12 KP9.dat rejected 2016-10-07 at 00:36
KP10 00:20:40.080 +31:59:23.79 -0.004800 -0.005600 11.79 0538 F7 ~13.500 0 KP10 dat rejocted 2016-07-25 at 03:03
KP10_F.dat
KP11 00:38:17.560 +42:27:47.08 -0.020300 -0.005600 1081 0542 F8 -16.830 0 KP11.dat rejected 2017-09-15 at 03:41
KP11_F.dat
KP12 02:12:31.494 +51:46:4357 -0.010700 0.004900 1183 0553 GO 35 0 KP12 dat active  2021.08-07 at 04:55
KP13 02:49:44,488 +71:45:11.63 0.091100 -0.033100 817 0.000 GO -3.300 26 0 KP13.dat rejected 2016-10-22 at 01:11
KP14 02:54:45.140 -10:53:53.00 0.004100 0.007500 11.60 0.742 25.400 12 0 KP14 dat rejected 2016-01-03 at 20:13
KP15 03:09:28,550 +30:40:24.90 -0.004000 4910 24 0 KP15 dat active  2021-09-09 at 04:49
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Miscellanea

* Modification of a copy of the GAPS fits with uniform information
GAPS (target name, target RV, mask, ...)

- Matching among targets belonging to different subprograms

Database

- Release of a default reduction with F spectral type mask (created
by GAPS)




GAPS
Data

reduction

Principle of the HARPS-N Data Reduction Software
Stellar spectrum (DRS)

vs numerical mask

Y— '- 'l '~ -
NN NS Y
] theoretical positions of
the stellar absorption lines

at zero velocity

-q‘ '-“ 'c N 'g‘ '. L L 1 1 N
VMV
Weighted and scaled average of the lines

contained in the correlation mask: a

Credit: proxy for common line profile changes
https://nexsci.caltech.edu/workshop/2018/ (e P t al dth £
presentations/20180724- .g. Fepe etal. 2002 an e rererences
SaganWorkshopRV- therein)

SharonXuesongWang.pdf



Different programs/targets = different needs
- Test with different masks

- Enlarging the CCF computation width (e.g. fast rotators)
- RV computation for «red» orders

- logR’ activity index procedure

GAPS v

abi 7% ==
D ata thglool: in: show all ['”, ] run Options for 2 - make ccf
reduction = E—

See the talk by A. Bignamini




YABI: Not only a basic usage for GAPS

CCF asymmetry indices to e el [t )
evaluate the stellar activity '\Wm
GAPS Coadding of the spectra for /MM =

Data stellar parameters — ™|
- determination P -
reduction —
TERRA pipeline @—— === -
(M dwarfs, young S o
& active stars) - =

[V

Wavelergth A A




GAPS2
&

Young
Objects

Search and characterization of planets
around young stars (< 8oo Myr)

* Blind search
- Confirmation of planets found with other RV surveys

» Transiting candidate follow-up (TESS, Kepler/K2)

YO38: Spearman corr = -0.92, p_val = 0.0000

2017-12-01T02:35:45.011

1.00f 600

099} T
T 3 [
3 ossl 200f
B E z |
s K
gom;— ®

0.96

E -400
-150 -100  -50 0 50 100 150 ~soof-
RV (km/s)

Large exploitation of the previous experience



Time series pages updated for GAPS2 programs
Useful to manage the observations

GAPS YO Targets
Spectral Radial Number of Discarded Time Status | Update On
Type Velocity Data Data Sorles
G AP 52 Y001 04:33:10.033  +24:33:43.38  -0.008000 -0.028000 1208 0.000 MO 18.200 148 0 YOOidat  YOOipd active  2020-03-15 at
21:34
Y002 04:18:51.701  +17:23:116.57 0.002400 -0.016400 1242 0.000 K7 17.000 45 0 YOO2dat  YOO2pd!  active  2021-03-24 at
20:29
& Y003 04:13:14.142  +28:19:10.84 0008800 0005200 13.67 0.000 M4 6.800 0 0 rojected
YOO4 04:32:14.569 +18:20:14.74  0.008400 -0.015700 12.18 0.000 K7 14.600 0 0 rejected
Y005 04:55:36.056  +30:17:55.31 0002800 -0.019800 1112 0000 KO 14.100 0 0 rojoctod
YOU n Y006 04:50:30.74  +20:46:44.1 0008000 -0,025000 1186 0.000 K7 19.043 0 0 rojoctod
g YOO7 00:38:06.0044 +79:03:20.631 0026100 -0.003400 11.34 0000 K1 8.750 a5 0 YOOZTdat  YOO7pdl  active  2020-11.03 at 01:23
. Y008 00:30:40,1955 +79.06:30.765 0232000 -0.002800 957 0000 GO -99999.000 0 0 rojoctod
Ob t Y009 235110151  +78:580500 0026400 0004000 11.24 0000 K1 8110 38 0 YOODdst  YOO0Opdl  active 20200117 ot
ec s 20:10
J YO10 02:17:24.734  +28:44:30.33 0080150 0076400 7.74 0000 G2 3.900 0 rojoctod
Yot 02:27:20.254  +30:58:24.61 0079780 -0.070000 10.12 0.000 K7 6.700 0 rejected
YO12 05:20:31.832 +06:16:11.48 0012400 -0.038800 11.68 0000 K3 21.100 0 rejected
YO13 04:07:01.226  +15:20:06.11  0.126000 -0.020700 1047 0000 K5 40.000 18 0 YO13dat  YO13pdl  active  2018:03-31 at




toi-catalog

Atlas Signal
Page Size: Table wide search
25 v
Parameter
Source Detection TOI TICRight TIC TICRight TIC TMag TMag Epoch  Epoch Orbital
Pipeline  Pipeline(s) Full TOI Disposition Ascension Declination Ascension Declination Value  Uncertainty Value  Uncertainty Period  Orbital P
TIC D 20165 20155 Value  Uncertai
qlp-s49-  QLP 53498154 5624.01 PC 180845 492512  180.844 492512  10.0330 0.00600000 2641.47 0.00286510 13.7287 0.00256¢
...
G AP S 2 /Y O qlp-s49-  QLP 137020480 5625.01 PC 197143 42.3407 197143 423408 911900 0.00700000 2661.06 0.00599400 3.46452 0.000074
ff...
qlp-s49-  QLP 376645976 5626.01 PC 198299 316385 198299 316384  9.80700 0.00600000 2660.04 0.000497200 8.07226 0.000007
Elfe [
g glp-s48-  QLP 235711993 5615.01 PC 252935 801231 252935 801230  13.0670 00100000 262507 0.00131870 11.7673 0.00002¢
| | fa...
Se I eCtIon glp-s48-  QLP 154220877 5616.01 PC 184902 486832 184902 486833  14.6880 0.00700000 263454 0.00330560 2.00345 0.00046¢
fa...
glp-s48-  QLP 9376973  5617.01 PC 166951 381370 166951 381369  13.0540 0.00700000 263577 0.00177860 3.15420 0.0000M
fa...
glp-s48- QLP 56999883 5618.01 PC 173070 441264 173070 441264 129880 0.00700000 263076 0.00310710 352543 0.000021

fa...

Param Detect TIC Full TC TOID TIC Ri¢ TIC D TIC Ri¢ TIC TMag \ TM: EpochV Epox Orbita

«234 »

Showing 25 results out of 5724 items




GAPS2/YO

Target
selection

Age determination/validation of the candidates:

The crucial role of public archives

- Rosat catalog for X-ray emission search

- Gaia catalog for kinematic and color

* Rotation period from TESS LC and past photometric surveys

- Reconnaissance spectra for Lithium

- RV from archives to exclude false positive scenarios

* Imaging observations from archives

HAT-P-6

(T Hmiﬂl |

nmmmmn
§

3400 3600 3800 4000 4200 4400




An example

Validation of DS Tuc A b:

(almost) totaIIy based on archival data

DS_Tuc P'= 2,85 Lomb-Scargle

1019 1988 2957 o1 1.0 10.0
ime (HJD-2451800.) period (d) w-od()

g”u -
- —

Foo®| Masuerer
L Py limit from
i = et ® HARPS RVs
o _ (2005) and FP

e | s FEj ection from

- ' FEROS, HARPS

s e e e s = and Gaia

Rotation period from
o5 ASAS data (2000-2008)

DS Tuc - Moulmu AMES - conomm

—'l bong - mu—u Ster 1
K bond = 2009-09-30 ~ Stor |
==L bond - 2004-09-03 ~ Ster 2
~ = Ks bond ~ 2009-09-30 ~ Stor 2

[} 100 200 300 400
Separotion (ou)

Mass limit for possible substellar
companion from NaCo data (2004
and 2009)

(Benatti et al. 2019)



- Fruitful experience between GAPS and IA2

* |IA2 services useful for data sharing, custom/specific
data reduction, management of the observations

Conclusions

- GAPS2/YO provides one of the best examples on how
archival infromation is fundamental for top-level
scientific publication

Thank you for your attention!



